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ABSTRACT 

In this paper , a novel design of triple-band inset-fed rectangular micro strip antenna with T-shapeslitloade 
disproposed for WiMAX , 5.5 GHz WLAN and lower X-band satellite applications is presnted. The proposed antenna 
consists of rectangular radiating elements with a T-shape slot loaded', which is excited through simple 50Q, in set 
microstrip feed-line. The antenna configuration is printed on a 40 x 30 x 1.6 mm3 low cost FR-4 dielectric material 
having permittivity of 4.2 which includes ground plane. To obtain a triple-band operation, a narrow T- 
shaperectangularslitisembeddedat the top non-radiatingedge of the radiating patch. The proposed antennaresonatesat 
three frequencies of 3.11, 5.5 and 6.30 GHz with -10 dB impedancebandwidths of BWj= 6 % (2.91-3.05 GHz), BW 2 = 
7.27% (5.34-5.69 GHz) and BW 3 = 4.14% (6.13-6.41GHz). The simulation results are obtained by utilizing 3D full-wave 
high frequency structural simulator (HFSS) for comparison with experimental results. Acceptable agreement isobserved 
between the both experimental and simulation results. The obtained results indicatethat, the propose dantenna shows 
broadside radiation characteristics a tthree operating frequency bands. Owing to its simple antenna structure and its 
radiation characteristics, it is highly recommendable for applications at which adequately covers the frequency bands of 
WiMAX , 5.5 GHz WLAN and X-band lower satellite communication (6-6.5 GHz). The details of antenna designing and 
results are presented and discussed. 
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INTRODUCTION 

In recent decades, the Micro Strip Antennas (MSAs) have played very important role in modern wireless 
communication due to its several attractive features, for instance, they have compact size, light weight, lowcost, 
easilyintegrated with planar and non-planar MMICs and conformal structure [1]. Also, the MSAs are becoming 
one of the essential candidates for bothmilitary (satellites, spacecraft and guided missiles) and commercial 
applications (wireless communication systems and mobile technology) [2-7]. Since then, the rapid advancement of 
microstrip antenna technology is taking place in personal wireless communication technologies such as global 
positioning satellite (GPS) transmitters, Wireless Local Area Network (WLAN), Bluetooth gadgets and demands 
an inter connectivity of more than one frequency band into a single compact planar design. To over come this 
major problem, a low cost compact planar printed multiband microstripantennas with acceptable radiation 
characteristics are required [8]. Usually, the structure of the conductingradiating patch of the antenna can be 
anyshape. In practice, rectangular, elliptical, square, circular, triangular shapes are considered for antenna design 
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[9-12]. The modern mobile gadgets are required to support different services and multi standards, which operate at 
different frequency spectrum. Recently, compact planarantennas have been developed for single, dual, triple and quad- 
band operation which covers the typical frequency bands that include GPS (1.227 GHz, 1.575 GHz), PCS, (1.850-1.990 
GHz), UMTS (1.920-2.170 GHz), IMT-2000, DCS, WLAN-IEEE bands such as Wi-Fi (2.4-2.48 GHz, 5.15-5.35 GHz, 
5.725-5.850 GHz), and WiMAX (2.5-2.69 GHz, 3.4-3.69 GHz, 5.25-5.85 GHz) [13-19]. The ability to provide an 
antenna small size is an important requirement for the design and development of multiband operation. 

In thispaper, we present a new planarinset-fed rectangular microstrip antenna loaded with T-shape slit at the top 
side of the radiating patch. The proposed antenna is designed, whichis capable to work for triple-band operation covering 
WiMAX, WLAN and X-band satellite communication. Details of the proposed antenna design and, experimental and 
simulation results are presented and discussed. 

Design of the Antenna 

Figure 1 show the geometry of the proposed triple band antenna. The antenna structure is printed on 40 x 30 mm2 
lowcost FR-4 epoxy substrate, with the relative permittivity£ r = 4.4 and having thickness of h = 1.6 mm. The antenna is 
rectangular radiating patch having a dimensions of width W= 22.8mm and length L = 17.4 mm with a narrow T-shape slit 
at top of the radiating patch. The proposed antenna is fed by simple 50Q inset-fed microstrip feed-line has dimensions of 
lengthL f = 16.34 mm and W f = 3.06 mm on the top side of the substrate and bottom of the substrate, the 40 x 30 mm 2 ground 
plane used. For a better impedance matching between radiating patch and simple 50Q in set-fed microstrip feed-line is 
used, where, width of I w = 1.53 mm and length of I L = 5.78 mm are chosen to achieve the optimum results. 


Top view 


Side view 




Figure 1: Geometry of the Proposed Triple-Band Antenna 


To obtain a triple-band operation, the conventional rectangular radiating element is modified by truncating the 
opposite top and bottom corners of the radiating patches and embedding a narrow T-shape slit at the top of the radiating 
patch. The prototype of the proposed antenna is designed by using commercial electromagnetics ANSYS HFSS simulation 
tool [20]. The optimized antenna parameters and its dimensions of the proposed antenna are given in Table 1. 


Table 1: Optimized Dimensions and Parameters of the Proposedantenna 


Antenna Parameters 
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Figure 2 shows the variation of return loss versus characteristics of the proposed antenna. From this figure, it is 
clear that, the proposed antenna resonate for three frequencies modes at f r i, f r2 and f r3 with -10 dB return loss and impedance 
band widths of BW F 6 % (2.91-3.05 GHz), BW 2 = 7.27% (5.34-5.69GHz) and BW 3 = 4.14% (6.13-6.41GHz), respectively. 
The first resonant band with -10 dB impedance band width of BWp 6 % (2.91-3.05 GHz) is wide enough to cover the 
WiMAX communication system. It is also observed from Figure 2 that, the second and third resonant frequency bands with 
-10 dB impedance band widths of BW 2 = 7.27% (5.34-5.69 GHz) and BW 3 = 4.14% (6.13-6.41GHz) which is sufficient to 
cover the 5.5 GHz WLAN narrow band and lower X-band satellite communication bands, respectively. The Ansoft HFSS 
simulation result of the proposed triple-band is also shown in Figure 3. The reasonable agreement is obtained between 
experimental and simulation results. 

Further, from the experimental and simulated return loss plot, which is shown in Figure 2, it is clear that, by 
embedding a narrow equal widths of T-shape rectangular slit at the top side of non-radiating edge of the rectangular 
radiating patch with the length in terms of V The obtained resonant frequency bands i.e. 3.11 GHz, 5.5 GHz and 6.30 GHz 
are influenced by the unequal arm lengths and equal width of the vertical and horizontal arms of the T-shaped slit. The 
widthT w is 1 mm of horizontal and vertical arms of the T-shape slit. The lengths of two T-shapeslitsT7 7 and Tl 2 of vertical 
and horizontal arms equal to 4.74 mm and 18 mm, respectively, which are optimum design parameters to achieve WiMAX, 
5.5 GHz WLAN and lower X-band applications. 



Frequency (GHz) 

Figure 2: Variation of Return Loss Versus Frequency of the Proposed Multiband Antenna 
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Figure 3: Surface Current Distributions of the Proposed Triple-Band Antenna are 
Observedat (a) 3.11 GHz, (b) 5.5 GHz, (c) 5.8 GHz and (d) 6.30 GHz 


The simulated surface current field distribution on the radiating patch of the proposed antenna is shown in Figure 
3(a)-3(d). From the Figures 3 (a), (b) and (d), it is clear that the surface current field distribution, mostly concerned at the 
entire radiating patch and 50Q microstrip line feed except at the T-shaped slit, which are actually observed at respective 
resonating bands i.e. 3.11, 5.5, and 6.30 GHz. But, from the Figure 3(d), it is evident that the more current is accumulated 
around the T-shaped slit, except the radiating patch which is observed non resonating frequency mode of 5.80 GHz. This 
phenomenon leads to confirm of the good radiation performance of the proposed antennas. 

The desired normalized co-polar and cross-polar plots in both E-plane and H-plane radiation patterns at the 
resonating frequency bands of the proposed antenna is as shown in Figure 4(a)-(c). The radiation patterns are observed to 
be broadside in nature and linearly polarized at respective resonating frequency bands. Also, the proposed antenna exhibits 
similar radiation characteristics in its remaining operating bands. In this paper, the gain of the proposed antenna is 
calculated by absolute gain method. The power transmitted (P t ) by horn antenna and power received (P r ) by antenna under 
test (AUT) are measured separately. The gain (G) dB of the proposed triple-band antenna is calculated by using the 
following equation, 

(G)dB = 10 log g) - ( G t )dB - 20 log (^) dB (1) 

where, G t is the gain of the pyramidal horn antenna and ‘R’ is the distance between the transmitting antenna and 
the AUT. The maximum gain of the proposed antenna is measured at their operating frequency bands, and is found to be 
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2.7, 4.13 and 3.89 dB, respectively. Figure 5 shows the simulated gain of the proposed antenna. From this figure it is noted 
that, the negative gain is observed at lower frequencies, but at the resonating frequency bands of 3.11, 5.4 and 6.30 GHz, a 
maximum gain of 2.7, 4.5 and 4 dB are obtained. It is also evident from this figure that, the average gain of 3.5 dB is 
observed throughout the operating bands. The experimental gain values of the proposed antenna, which are measured at 
respective resonating frequency bands are approximately equal when compared to simulated results. 
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Figure 4: Typicalco-Polar and Cross-Polar in E Plane, and H-Plane Radiation Patterns of the 
Proposed Antenna Measured at (a) 3.11 GHz, (b) 5.56 GHz and (c) 6.30 GHz 
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Frequency (GHz) 

Figure 5: Gain of the Proposed Triple-Band Antenna 

CONCLUSIONS 

A simple novel design of inset-fed loaded rectangular microstrip antenna with embedding a T-shaped slit is 
proposed for triple-band operation which is suitable for WiMAX, 5.5 GHz WLAN and lower X-band satellite 
communication system applications. By inserting the equal arm width of a narrow T-shaped slit at the top of the radiating 
patch, the triple bands are achieved which are resonant at 3.11, 5.5 and 6.30 GHz with an acceptable -lOdB impedance band 
widths of BWi= 6%, BW 2 = 7.27% and BW 3 = 4.14%, respectively. Further, the proposed antenna shows a broadside 
radiation characteristics with the maximum gain of 2.6 dB, 4.5 dB and 4 dB are observed at resonant frequency bands. The 
proposed antenna is simple in its construction, and is compact in size, easily mounted with other MMICs and use with low 
cost substrate material. Hence, the proposed antenna is good choice for the multi band wireless communication systems 
applications, such as WiMAX, 5.5 GHz WLAN, and X-band satellite communication. 
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